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Instrumentation and Chemicals

Solution NMR spectra were recorded on a Varian Gemini 2000 spectrometer, operating at 300
MHz for '"H NMR, 75.4 MHz for *C NMR. Chemical shift values for '"H and "C are reference to
Me,Si and the residual solvent resonances respectively. Chemical shifts are reported in 0 ppm.
High-resolution mass spectra were recorded on a Thermo Fisher Scientific Exactive, JEOL
JMS-T100LP mass spectrometer or JEOL JMS-T100 GC mass spectrometer at the Instrumental
Analysis Division, Equipment Management Center, Creative Research Institution, Hokkaido
University. TLC analyses were performed on commercial glass plates bearing 0.25-mm layer of
Merck Silica gel 60F,,,. Silica gel (Kanto Chemical Co., Silica gel 60 N, spherical, neutral) was
used for column chromatography. GLC analyses were conducted on a Shimadzu GC-14B equipped
with a flame ionization detector. Melting points were determined on a micro melting point
apparatus (Yanaco: MP-500D) using micro cover glass.

All reactions were carried out under nitrogen atmosphere. Materials were obtained from
commercial suppliers or prepared according to standard procedures unless otherwise noted.
[Ir(OMe)(cod)], was prepared according to the literature.! Silica-SMAP? and Silica-TRIP® were
prepared with CARIACT Q-10® according to the reported procedure. CARIACT Q-10 (Catalyst
grade, 75-150 um) was purchased from Fuji Silysia Chemical Ltd. and dehydrated by heating at

150 °C for 10 h and stored in a glovebox before use. All solvents for catalytic reactions were
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degassed via four freeze—pump-thaw cycles before use. Bis(pinacolato)diboron was purchased

from AllyChem Co., Ltd., and recrystallized from pentane before use.

Experimental Procedures

Typical Procedure for the Borylation of 2-Ethylpyridine (1a) with Immobilized Ligands
(Table 1, entry 1). In a glove box, Silica-SMAP (0.070 mmol/g, 85.7 mg, 0.006 mmol, 2.0 mol%),
bis(pinacolato)diboron (2) (76.2 mg, 0.30 mmol), and anhydrous, degassed TBME (1.0 mL) were
placed in a 10 mL glass tube containing a magnetic stirring bar. A solution of [Ir(OMe)(cod)], (2.0
mg, 0.003 mmol, 1.0 mol%) in TBME (2.0 mL) and 2-ethylpyridine (1a) (96.4 mg, 0.90 mmol)
were added successively. The tube was sealed with a screw cap and removed from the glovebox.
The reaction mixture was stirred at 25 °C for 12 h, and filtered through a glass pipet equipped with
a cotton filter. The solvent was removed under reduced pressure. An internal standard
(1,1,2,2-tetrachloroethane) was added to the residue. The yields of the products 3a and 4a were
determined by '"H NMR (66% and 21% respectively). The crude material was then purified by
Kugelrohr distillation, to give the corresponding product 3a (45.2 mg, 0.19 mmol in 64% isolated
yield).

Typical Procedure for the Borylation of 2-Ethylpyridine (1a) with Soluble Ligands (Table 1,
entry 4). In a glove box, bis(pinacolato)diboron (2) (76.2 mg, 0.30 mmol) and anhydrous, degassed
TBME (1.35 mL) were placed in a 10 mL glass tube containing a magnetic stirring bar. A solution
of Ph-SMAP (1.3 mg, 0.006 mmol, 2.0 mol%) in TBME (0.65 mL), a solution of [Ir(OMe)(cod)],
(2.0 mg, 0.0030 mmol, 1.0 mol%) in TBME (1.0 mL) and 2-ethylpyridine (1a) (96.4 mg, 0.90
mmol) were added successively. The tube was sealed with a screw cap and removed from the
glovebox. The reaction mixture was stirred at 25 °C for 12 h. Solvent was removed under reduced
pressure. An internal standard (1,1,2,2-tetrachloroethane) was added to the residue. The yield of the
product 3a was determined by '"H NMR (0%).

Typical Procedure for the Borylation of 2-Alkylpyridine Derivatives (Table 2, Entry 1). In a
glove box, Silica-SMAP (0.070 mmol/g, 85.7 mg, 0.0060 mmol, 2.0 mol%), bis(pinacolato)diboron
(2) (76.2 mg, 0.30 mmol), and anhydrous, degassed hexane (1.0 mL) were placed in a 10 mL glass
tube containing a magnetic stirring bar. A solution of [Ir(OMe)(cod)], (2.0 mg, 0.0030 mmol, 1.0
mol%) in hexane (2.0 mL) and 2-isopropylpyridine (1b) (109.0 mg, 0.9 mmol) were added
successively. The tube was sealed with a screw cap and removed from the glove box. The reaction
mixture was stirred at 60 °C for 12 h, and filtered through a glass pipet equipped with a cotton filter.

Solvent was removed under reduced pressure. An internal standard (1,1,2,2-tetrachloroethane) was

S2



added to the residue. The yield of the product 3b was determined by 'H NMR (109%). The crude
material was then purified by Kugelrohr distillation, to give the corresponding product 3b (52.0 mg,
0.22 mmol in 73% isolated yield).

Procedure for the One-Carbon Homologation Following Oxidation of 3f (Scheme 2, Upper
Side). Under Ar atmosphere, 3f (64.7 mg, 0.20 mmol), bromochloromethane (51.7 mg, 0.4 mmol),
and anhydrous THF (2.0 mL) were placed in a 10 mL glass tube containing a magnetic stirring bar.
The tube was sealed with a screw cap with a Teflon-coated silicon rubber septum. After the mixture
was cooled to —78 °C, "BuLi in hexane (1.6 M, 24 .4 uL, 0.4 mmol) was added. The mixture was
stirred at —78°C for 5 min, and stirred at room temperature for 30 min. After the reaction, solvent
was removed under reduced pressure. An internal standard (1,1,2,2-tetrachloroethane) was added to
the residue and the yield of desired product 2-[2-benzyl-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-

2-yl)propyl]-pyridine (5) was determined by '"H NMR (56%) in the crude mixture. The resulting
product 5 was used to next reaction without further purification. The boronate 5, THF (0.6 mL),
water (0.6 mL) and sodium perborate tetrahydrate (51.7 mg, 0.34 mmol) were placed in a round
bottom flask, and the reaction mixture was stirred vigorously at room temperature for 2 h under air.
After the reaction, solvent and water were evaporated under reduced pressure. The concentrate was
suspended in CHCI,, filtered through a pipet equipped with cotton. The filtrate was concentrated
under reduced pressure, and the crude mixture was then purified by silica gel chromatography to

give the corresponding alcohol 6 (24.5 mg, 0.11 mmol in 54% isolated yield in two steps).

Procedure for the Oxidation of 3h (Scheme 2, Bottom Side). The oxidation of 3h was performed
according to the reported procedure.* THF (0.5 mL), water (0.5 mL), and sodium perborate
tetrahydrate (46.1 mg, 0.3 mmol) were successively added to a vial tube containing 3h. The reaction
mixture was stirred vigorously at room temperature for 2 h under air. After the solvent and water
were evaporated under reduced pressure, the mixture was suspended in CHCl,, and the suspension
was filtered through a pipet equipped with cotton. The filtrate was concentrated under reduced
pressure and the crude mixture was then purified by silica gel chromatography to give the
corresponding alcohol 7 (13.1 mg, 0.74 mmol in 74% isolated yield). The trans stereo-configuration

was determined by comparing the "H NMR spectrum of 3h with that of the reported compound.’

Ligand Effect

Table S1. Ligand Screening for Ir-Catalyzed Borylation of 2-Pentylpyridine (1e).”
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[Ir(OMe)(cod)]»

(Ir:2.0 moI %) me
OW i :é Ligand (2.0 mo|°/o) m Eﬁ\/\ﬁ
TBME, 60°C, 15h N7
pinB—Bpin, 2 3e
(3 eq) (0.3 mmol) (C4 and CS borylat|on)
entry ligand NMR yield (%)”

3e 3e’
1 Silica-SMAP 106 (79) 11
2 Silica-TRIP 89 11
3 Ph-SMAP 0 0
4 PMe; 0 0
5 PCy; 6 5
6 P'Bus 0 0
7 PPh; 0 0
8 XPhos 0 0
9 dtbpy 0 154°
10 none 0 0

“ Conditions: 1e (0.9 mmol), 2 (0.3 mmol), [Ir(OMe)(cod)], (Ir: 0.0060 mmol), ligand (0.0060
mmol), TBME (3.0 mL), 60 °C, 15 h. *'H-NMR yield based on 2. Isolated yield is shown in
parentheses. © C4 borylation 97% and CS5 borylation 47%.

Compounds Characterization

The substrates for borylation 1a, 1e, 1f are known compounds. The substrates 1b°, 1¢°, 1g’ and

1h®, and alcohol 7° are reported in the literatures.

Preparation of 2-[1-(Methoxymethoxy)ethyl]pyridine (1d). 2-[1-(Methoxymethoxy)ethyl]
-pyridine (1d) was prepared via the protection of 2-[1-(hydroxy)ethyl]pyridine with methoxymethyl

group.

| X
= M
N e
id  OMOM

Colorless oil. "H NMR (CDCl,) 6 1.53 (d, J = 6.6 Hz, 3H), 3.38 (s, 3H), 4.63 (d, J = 6.6 Hz, 1H),
472 (d,J=6.6Hz, 1H),4.86 (q,J = 6.6 Hz, 1H), 7.19 (ddd,J =7.8,5.7,09 Hz, 1H), 743 (d, J =
7.8 Hz, 1H), 7.70 (td, J = 7.8, 1.8 Hz, 1H), 8.57 (dd, J = 5.7, 0.9 Hz, 1H). *C NMR (CDCL,)
0 22.00, 55.43, 75.46, 94.91, 120.27, 122.37, 136.75, 149.24, 162.93. HRMS-ESI (m/z): [M+Na]*
Calcd for C4H,;0,NNa, 190.08385; found, 190.08394.

2-[2-(4,4,5,5-Tetramethyl-1,3,2-dioxaborolan-2-yl)ethyl]pyridine (3a)
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(I
N7 Bpin
3a
Colorless oil. '"H NMR (CDCl;) § 1.08 (t,J = 7.8 Hz, 2H), 1.25 (s, 12H), 2.99 (t, J = 7.8 Hz, 2H),
718 (t,J=63Hz,1H),7.25 (d,J=7.8 Hz, 1H),7.67 (td,J =7.8,1.5 Hz, 1H), 8.54 (d,J = 4.5 Hz,
1H). ®C NMR (CDCl,)  25.12 (4C), 31.74, 81.69 (2C), 121.42, 122.74,137.75, 14635, 163.73. A
signal for the carbon directly attached to the boron atom was not observed. HRMS-APCI (m/z):

[M+H]* Calcd for C,;H, N'"BO,, 233.16964; found, 233.16962.

2-[2,2-Bis(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)ethyl]pyridine (4a)

N Bpin
4a

White solid. M.p. 75.6-77.3 °C. "H NMR (CDCl,) 6 0.93 (t,J = 8.1 Hz, 1H), 1.24 (s, 12H), 1.25
(s, 12H), 3.19 (d, J = 8.1 Hz, 2H), 7.25 (m, 1H), 7.32 (d,J = 7.8 Hz, 1H), 7.74 (td, J = 7.8, 1.8 Hz,
1H), 8.56 (d, J = 5.4 Hz, 1H). ®C NMR (CDCl,) §25.30 (4C), 25.58 (4C), 33.58, 81.53 (4C),
121.83, 123.06, 139.07, 143.59, 164.00. A signal for the carbon directly attached to the boron atom
was not observed. HRMS-ESI (m/z): [M+H]" Caled for C,H,,N'°B,0,, 358.25846; found,
358.25870.

2-[1-(4,4,5,5-Tetramethyl-1,3,2-dioxaborolan-2-yl)-propan-2-yl]pyridine (3b)

N

| Nig Bpin
3b Me
Colorless oil. '"H NMR (CDCL;) 8 0.79 (dd, J = 14.1, 7.5 Hz, 1H), 1.14 (dd, J = 14.1, 7.5 Hz,
1H), 1.22 (s, 6H), 1.26 (s, 6H), 1.36 (d, J = 7.5 Hz, 3H), 3.28 (sext,J = 7.5 Hz, 1H), 7.27 (t,J = 6.3
Hz, 1H),7.38 (d,J =7.5 Hz, 1H),7.79 (td,J = 7.5, 1.5 Hz, 1H), 8.57 (d,J = 5.1 Hz, 1H). "C NMR
(CDCL,) 8 21.78, 25.39 (2C), 25.58 (2C), 37.02, 80.54 (2C), 121.52,121.87,139.19, 144.02, 167.68.
A signal for the carbon directly attached to the boron atom was not observed. HRMS-ESI (m/z):

[M+H]* Calcd for C,,H,;N'"’BO,, 247.18527; found, 247.18544.

2-[2-Methyl-1-(4,4,5 5-tetramethyl-1,3,2-dioxaborolan-2-yl)propan-2-yl]pyridine (3c)

X
| N/ Bpin
3c Me Me

White solid. M.p. 72.5-74.0 °C. '"H NMR (CDCl,) & 0.88 (s, 2H), 1.26 (s, 12H), 1.38 (s, 6H),
7.36 (ddd,J=8.1,5.7,1.2 Hz, 1H), 747 (d,/J=8.1 Hz, 1H), 7.89 (td, J = 7.8, 1.2 Hz, 1H), 8.58 (d,
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J =5.7 Hz, 1H). ®C NMR (CDCl,) § 25.93 (4C), 31.07 (2C), 41.40, 79.32 (2C), 120.82, 122.56,
140.98, 141.59, 171.34. A signal for the carbon directly attached to the boron atom was not
observed. HRMS-ESI (m/z): [M+H]* Calcd for C,sH,s'"BNO,, 261.20092; found, 261.20113.

2-[1-(Methoxymethoxy)-2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)ethyl]pyridine (3d)

X
| —
N Bpin
3d OwmOM

Colorless oil. "H NMR (CDCl,) 6 1.16 (dd, J = 13.5,9.0 Hz, 1H), 1.21 (s, 6H), 1.25 (s, 6H), 1.53
(dd,J=13.5,69 Hz, 1H), 341 (s,3H),4.71 (d,J=6.6 Hz, 1H),4.86 (dd,J = 6.6 Hz, 1H), 5.12 (dd,
J=9.0,69 Hz, 1H),7.29 (t,J = 6.3 Hz, 1H),7.59 (d,/=7.8 Hz, 1H), 7.80 (td,J = 7.8, 1.5 Hz, 1H),
8.57 (d, J = 5.1 Hz, 1H). ®C NMR (CDCl,) 6 25.01 (2C), 25.22 (2C), 55.50, 77.24, 81.53 (20),
9497, 12144, 122.89, 138.50, 145.41, 162.79. A signal for the carbon directly attached to the
boron atom was not observed. HRMS-ESI (m/z): [M+Na]* Calcd for C,;H,,0,N'"BNa, 315.17269;
found, 315.17269. Isolated product is contaminated with a trace of 1d.

2-[2-(4,4,5,5-Tetramethyl-1,3,2-dioxaborolan-2-yl)pentyl]pyridine (3e)

~ Bpin

—

N Me
3e

Colorless oil. '"H NMR (CDCl,) 8 0.88 (t,J = 7.1 Hz, 3H), 1.12-1.18 (m, 2H), 1.23 (s, 6H), 1.24
(s, 6H), 1.29-1.40 (m, 2H), 1.42-1.55 (m, 1H), 2.82 (dd, J = 16.2, 6.6 Hz, 1H), 3.07 (dd, J = 16.2,
6.6 Hz, 1H),7.22 (t,J =5.7Hz, 1H),7.28 (d,J/ =74 Hz, 1H),7.71 (td,J=74,0.9 Hz, 1H), 8.55 (d,
J =7.1 Hz, 1H). "C NMR (CDCL,) & 14.26, 22.24, 25.49 (2C), 25.60 (2C), 33.27, 38.09, 80.87
(2C), 121.66, 123.48, 138.44, 144.86, 162.72. A signal for the carbon directly attached to the boron
atom was not observed. HRMS-ESI (m/z): [M+H]* Calcd for C,,H,,0,N'’B, 275.21657; found,
275.21659.

2-[3-Phenyl-2-(4.,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)propyl]pyridine (3f)

A Bpin

—

N
3f

Colorless oil. '"H NMR (CDCl,) 8 1.28 (s, 12H), 1.48-1.56 (m, 1H), 2.29 (t, J = 14.4 Hz, 1H),
274 (dd,J =17.1,5.7 Hz, 1H), 297 (dd, J = 17.1, 7.1 Hz, 1H), 3.06 (dd, J = 144, 4.5 Hz, 1H),
7.15-7.29 (m, 6H), 7.34 (t,J = 6.3 Hz, 1H), 7.80 (td, J = 7.8, 1.5 Hz, 1H), 8.61 (d,J = 5.4 Hz, 1H).
BC NMR (CDClL,) §25.90 (2C), 26.13 (2C), 36.58, 36.75, 80.20 (2C), 122.29, 123.75, 125.27,
128.14 (2C), 128.85 (2C), 139.84, 143.07, 143.94, 162.55. A signal for the carbon directly attached
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to the boron atom was not observed. HRMS-ESI (m/z): [M+H]" Caled for C,,H,,N'°BO,,
323.21657; found, 323.21662.

2-[2-Phenyl-2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)ethyl]pyridine (3g)

A Bpin

—

N
39

White solid. M.p. 114.2-116.1°C. "H NMR (CDCl,) 6 1.02 (s, 6H), 1.09 (s, 6H), 2.51 (t,J = 8.4 Hz,
1H), 3.40 (d,J = 8.4 Hz, 2H), 7.09 (m, 1H), 7.21-7.23 (m, 4H), 7.38-7.46 (m, 2H), 7.89 (td,J = 7.8,
1.5 Hz, 1H), 8.60 (d, J = 5.4 Hz, 1H). ®C NMR (CDCl,) § 25.74 (2C), 26.37 (2C), 39.05, 80.13
(20), 122.75, 123 .44, 124.16, 127.69 (2C), 128.14 (2C), 14042, 14241, 145.83, 162.17. A signal
for the carbon directly attached to the boron atom was not observed. HRMS-ESI (m/z): [M+H]"
Calcd for C,yH,;0,N""B, 309.20092; found, 309.20093.

2-[2-(4,4,5,5-Tetramethyl-1,3,2-dioxaborolan-2-yl)cyclohexyl]pyridine (3h)
| ™ 3h
pinB

Colorless oil. '"H NMR (CDCL,) 097 (td, J = 12.0, 2.7, Hz, 1H), 1.11 (s, 6H), 1.17 (s, 6H),
1.21-1.61 (m, 4H), 1.77-1.90 (m, 3H), 2.17 (dd, J = 12.0, 3.3 Hz, 1H), 2.82 (td, J = 12.0, 3.3 Hz,
1H), 717 (tm,J = 6.6 Hz, 1H), 7.25 (d,J=7.8 Hz, 1H), 7.69 (td,J=7.8, 1.5 Hz, 1H),8.52 (d, J =
4.5 Hz, 1H). ®C NMR (CDCl,) § 24.99 (2C), 25.33 (2C), 26.46,26.90,27.42, 31.94, 46.43, 81.02
(2C), 120.89, 121.33, 137.81, 145.55, 165.67. A signal for the carbon directly attached to the boron
atom was not observed. HRMS-ESI (m/z): [M+H]* Calcd for C,,;H,,N'’BO,, 287.21657; found,

287.21664. The stereochemistry of 3h was assigned by the coupling constant between the methine
protons at C1 and C2 positions.

2-Benzyl-3-(pyridin-2-yl)propan-1-ol (6)

N OH

—

N
6

Colorless oil. "H NMR (CDCL,) & 2.34 (m, 1H), 2.59 (dd, J = 13.8, 7.5 Hz, 1H), 2.72 (dd, J = 13.8,
7.5 Hz, 1H), 2.93 (dd, J = 5.1, 3.0 Hz, 2H), 345 (dd, J = 11.1, 6.0 Hz, 1H), 3.59 (dd, J =11.1, 6.0
Hz, 1H),7.11 (d,J = 7.8, 1H), 7.15-7.23 (m, 5H), 7.29 (t, J = 7.5 Hz, 1H), 7.64 (td, J = 7.8, 1.5 Hz,
1H), 8.51 (d, J = 5.1 Hz, 1H). 3C NMR (CDCl,) § 38.78, 39.51, 42.68, 64.45, 121.45, 124.25,
126.08, 128.43 (2C), 129.20 (2C) 137.23, 14045, 148.37, 160.16. HRMS-ESI (m/z): [M+H]*
Calcd for C,H,NO, 228.138291; found, 228.13827.
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/
I
T
v—'v—'%do' g
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Date Oct 612
Comment
C13 Statdard Observe

Stick=none Tune=6.4 Match=0.4

ObsNuc e

Ex¥ode NON
ObsFreq 75.43 Mz
ObsSet -1.0 kHz
ObsFine 996, 3672 Hz
Point 32768
Frequecy {Span) 18761. 73 Hz
Scan 1024

AcqTime 1.4992 s
PD 1.501 s
Pulsel 6.0 us
Temperature 29.0 T
Solvent CIX11
Reference 77.0 ppn
Broad. Factor 0. 2863 Hz
RGain 30

Printed  2012/Dec/26 17:15:56

Operator

PPV RV RTE VTP RIS U0 1f U T W RPNy 01| (TR VR Al JOT NV O R PPy T PO TV WP (50 (R PI W R PP PERNRN TR YeT "WITY T BT .:u«l!u‘h..m:tha..ulmhmﬂuLxl. B a1 d e A r bt bt Lad il i b b it sl 0

180

164, 0041—

160

143.6010—

139. 02

140

120

7
N

4a

100
5/ ppm

Bpin

Bpin

A

3§82

® RRE

33.67171 —

/
28

S14



Bate Oct 19 12
Coument
STANDARD 1H OBSERVE

ObsNue H

ExMode NON

ObsFreq 299, 96 Nilz

DbsSet -1.0 kHz

obsFine 995. 0047 Hz X

Point 16384

Frequecy (Span) 4500, 45 Hz

'ra? 16 ~

AcqTime 3.4983 s H

glll 1.502 s N Bpln

ulsel 6.0 us

Temperature 29.0 C 3b

Solvent CUCls Me

Reference 0.0 ppm

Broad. Factor 0.1373 Hz

RGain 7

Printed  2012/Dec/26 09:15:15

Operator
w -4
~ S B l§
a ] o S
S < — =]
rd rd Ve’ -

————

4 2 1
/ & / pom ! E&é
=RERRAETA =3538 RaRsssT-eed

0. 0000-
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Bate Oct 19 12

Coument
€13 Statdard Observe
Stick=none Tune=6.4 Match=0. 4

ObsNuc 15¢

Doshre 75,48 i

DbsFreq .43 Nz

ObsSet -1.0 kHz N

ObsFine 996. 3672 Hz

Point 32768 |

Frequecy (Span) {gzgms Hz —

Scan 2: H

lf)BqTime }gg?l s N Bpln
. s

Pulsel 6.0 48

Teaperature 29.0 “("J 3b Me

Solvent COCls

Reference 77.6 ppa

Broad. Factor 0. 2863 Hz

RGain 30

Printed  2012/Dec/26 09:16:51

Operator

167. 6789—
144, 0161—
120, 168+—8 |
2%
85—
(-
~ —
§ o

S16



Date Oct 512
Comment
STANDARD 1H OBSERVE

ObsNue Rl
Ex¥ode NON
ObsFreq 299. 96 Milz
ObsSet -1.0 kHz
ObsFine 995, 0047 Hz
Point 16384
Frequecy{Span) 4500, 45 Hz
Sean 16
AcqTime 3.4983 s
2 s
Pulsel 6.0 us
Tenperature 29.0 C
Solvent CBCy
Reference 0.0 ppm
Broad. Factor 0. 1373 Hz
RGain 12

Printed  2012/Dec/26 09:31:27
Operator

0.648
0. 9587

<~
~

i Jik

X
N/ Bpin
3c Me Me

120737

8
A
LR

L T s 8 s s e e

:

1.2721

[d, =

—
=

0.883—— — —1.7641

0. 0000-
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bate
Comment

Nov 19 12

C13 Statdard Observe

Stick=none Tune=6.4 Natch=0.4

ObsNuc 3¢

ExMode NON
ObsFreq 75.43 Milz
ObsSet -1.0 kHz
DbsFine 996. 3672 Hz
Point 32768

Frequecy {Span) 18761. 73 Hz
Scan 1024

AcqTime 1.4992 s
Ph 1.501 s
Pulsel 6.0 us
Tenperature 29.0
Solvent CIKla
Reference 77.0 ppn
Broad. Factor 0. 2863 Hz
RGain 30

Printed  2012/Dec/26 09:33:21
Operator

1. 3440—

122.6631—
120.81 11—

S18



Date Nov 22 12
Comment
STANDARD 1H OBSERVE

ObsNuc IH

ExMode NON

OgsFreq 299. 96kM]Iz

ObsSet -1.0 kHz

ObsFine 995. 0047 Hz X

Point 16384

Frequecy (Span) 4500.45 Hz

Scan 16 —

AcqTime 3.4983 s H
PD 1.502 s N Bpln
Pulsel 6.0 us

Temperature 29.0 C 3d OMOM
Solvent CDC13

Reference 0.0 ppm

Broad. Factor 0. 1373 Hz

RGain 18

Printed  2012/Dec/27 12:36:09

Operator

N
8
N
0
~ W 2
28 8 S 88 g |2
<o D o o O o « -

o

3. 4121——
559!

— ~ - o

<+ OIS N O DIOM ~ RO <+ R MM
SNSIIRIRCBN DN S —SB—oBN =4
NODDDLOMNN O OR~D o< —— S
oo [l o N o S o S WD T ————r——r————— o
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Date Dec 8 12

Comment
C13 Statdard Observe
Stick=none Tune=6.4 Match=0.4

ObsNuc 3¢

ExMode NON

ObsFreq 75.43 Mlz

ObsSet -1.0 kiz X

ObsFine 996. 3672 Nz |

Point 32768

Frequecy (Span) 18761. 73 Hz ~

Scan 1024 i
AcqTime 1.4992 s N Bpln
PD 1.501 s

Pulsel 6.0 us 3d

Temperature 29.0 C OMOM
Solvent CDCls

Reference 77.0 ppm

Broad. Factor 0.2863 Hz

RGain 30

Printed  2012/Dec/27 12:38:08

Operator

0 120 g } 0 60 40 20
l ] Ll pom AN /|
- g 3 23 3 gsge z 5
N . j A > 39386 28 &3S
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Date Dec 112

Comment

STANDARD IH OBSERVE
ObsNuc H
Ex¥ode NON
ObsFreq 299. 96 Milz
ObsSet -1.0 kHz
ObsFine 995. 0047 Hz
Point 16384
Frequecy {Span) 4500. 45 Hz
Scan 16
AcqTime 3.4983 s
D 1.502
Pulsel 6.0 us
Temperature 29.0 C
Solvent Xl
Reference 0.0 ppn
Broad. Factor 0. 1373 Hz
RG:

ain 3
Printed  2012/Dec/26 09:12:08
Operator

1.0

§
/!

/e

ik

N

\

Bpin

3e

Me

8

i

L o o T s

o

[d, =

5/ ppm

.

T T T T

ok

S e

833
8

eiciciaiciaiod
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Date Dec 412

Comment
C13 Statderd Observe
Stick=nonc Tune=6.4 Hatch=0.4

ObsNuc 3¢
lEbu;dv \1;\' "
ObsFreq 5. 43 Milz .
ObsSet -1.0 kz N Bpin
ObsFine 986, 3672 Hz |
Point 32768
Frequecy {Span) 18761. 73 Hz =
Sean 1024 N Me
i\,quimo }4509!])2 s
D 5 s
Pulsel 6.0 us 3e
Teaperature 29.0 °C
Solvent CIXla
Reference 77.0 ppn
Broad. Factor 0. 2863 Hz
RGain 30
Printed  2012/Dec/26 17:13:16
Operator

T R I P T I AP T P [P PN P TRTIY VTN SRFRT TOTNT (T OT ITITN TV IRNTY (O RN R T PRGNt oy W A ¥ eIy mﬂmﬂu.x PR OV TR T T | Y AU TOIE O T | [P S PRy 1

180 160 140 120 100 80 60 40 20
ll 8 / ppm l —/\\ 1\ |

8 5§82 393

SRR W9y

162 1211—
144,
, 4441

23. 481

21. 669
38.0860 —
B.240 —
14,2678 —

1
1
1

S22



bate
Co

ObsNuc

Ex¥ode
ObsFreq

ObsSet

ObsFine

Point

Frequecy {Span)
Scan

AcqTime

P

Pulsel
Temperature
Solvent
Reference
Broad. Factor

RG:

Operator

ain 3
Printed  2012/Dec/26 09:45:05

412

mnent
STANDARD IH OBSERVE

H
NON
29?. gBkﬂllz
2 Z
995. 0047 Hz N
16384 |
4500, 45 Hz
16

Bpin

\

3
1.302 s
6.0 us
29.0 C 3f
Xl
0.0 ppn
0. 1373 Hz

~~1278008

81,0
“.0283
N
3

08
0
{7
L7
7
158
M
7
N
5606~
8
2786———
0. 0000

S23



Bate Dec 5 12

Coument
€13 Statdard Observe
Stick=none Tune=6.4 Match=0. 4

ObsNuc 15¢
Doshre 5. 43
DbsFreq .43 Nz
ObsSet -1.0 kiz X Bpin
ObsFine 996, 3672 Hz
Point 32768 |
Frequecy (Span) 18761. 73 Hz ~
Scan 1024 N
fe B
. 8
Pulsel 6.0 ys
Teaperature 29.0 “("J 3f
Solvent COCls
Reference 77.6 ppa
Bread. Factor 0. 2863 Hz
RGain 30
Printed  2012/Dec/26 09:46:48
Operator
L b ek aihs ity s e L bl miie bbb U ctdan e i Mkt b & UL M i ¢ ML ot 111 ac ko M e BB M ) ke b et b

180 LI 10 1\ l‘ 120 " }Ogm 8’0/\\

|160
3
g

g3 3808 LSS
498  dsssd SRR

40A A 2
q

0

S24



Date Oct 4 12
Coument
STANDARD 1H OBSERVE

ObsNue H

ExMode NON

ObsFreq 299, 96 Nilz

DbsSet -1.0 kHz AN .
ObsFine 995. 0047 Hz

Point 16384 Bpln
Frequecy (Span) 4500, 45 Hz

Scan 16 —

AcqTime 3.4983 s N

e 1.502 s

Pulsel 6.0 us

Temperature 29.0 C

Solvent CUCls 3g
Reference 0.0 ppm

Broad. Factor 0.1373 Hz

RGain 19

Printed  2012/Dec/26 10:02:57

Operator

= g

f—
-
—

o
~
3, 4140
38U—
020——— . |
0. 0000
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Date Nov 20 12

Comment
C13 Statdard Observe
Stick=none Tune=6.4 Natch=0.4

ObsNuc 3¢

ExMode NON
ObsFreq 75.43 Milz
ObsSet -1.0 kHz
ObsFine 996. 3672 Hz
Point 32768
Frequecy {Span) 18761. 73 Hz
Scan 1024
AcqTime 1.4992 s
Ph 1.501 s
Pulsel 6.0 us
Tenperature 29.0
Solvent CIKla
Reference 77.0 ppn

Broad. Factor 0. 2863 Hz
RGain 30

Printed  2012/Dec/26 10:06:12
Operator

A Bpin

\

3¢9

—
(=]

145. 8306—
142, 4144—

140. 4176— & |

My e

dn3gd

e ————

80.0510

S26



Date Nov 16 12

ent
STANDARD LH OBSERVE

ObsNuc H
ExMode NON
ObsFreq 299,
UbsSet -1,
UbsFine 995.
Point 1638+
Frequecy (Span) 4500.
Scan 16
AcqTime 3.
b 1
Pulsel 6.
Temperature 29.
Selvent ChClx
Reference 0.
Broad. Factor 0.
RGain

30
Printed  2012/Dec/26 09:
{perator

0047 Hz
45 llz
4983 s
502 s
0 us
0°7C

0 ppm
1373 Hz
43:06

1.0

"0.9490
\‘l'.'mW

N 3h

—

pinB

2

3.2107

|-

8.8312—
8.5100—

7

bt

nl;
~ ety

Lalas s N s s s

[d, =

S27



Bate Nov 19 12

Coument
€13 Statdard Observe
Stick=none Tune=6.4 Match=0. 4

ObsNuc 15¢

Extode NON
DbsFreq 75. 43 MHz
ObsSet -1.0 kHz
ObsFine 996. 3672 Hz
Point 32768

Frequecy (Span) 18761. 73 Hz
Scan 1024

AcqTime 1.4992 s
PD 1.501 s
Pulsel 6.0 48
Temperature 29.0°C
Solvent COCls
Reference 77.0 ppa
Bread. Factor 0. 2863 Hz
RGain 30

Printed  2012/Dec/26 22:08:55
Operator

Y R G F TS NS RPT ST SO

80

185. 6742—

T

160

x

n

Moxd Lo ol b

146.

140

132.8140——

pinB

R I T T e AR | voR )

20 100
5/ ppm

121.
120.

Lo e gl abed. L avd .4‘ FYPIReT

A

S§82

sRRE

Ll

Lzlan, L4 A0

60 40

48,4208 —

T WV T S R & 1ol b

20

| AN
533

»RERES
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Date Dec 26 12
Coument
STANDARD 1H OBSERVE

ObsNue H
ExMode NON
ObsFreq 299,
DbsSet -1
ObsFine 995,
Point 16384
Frequecy (Span) 4500,
Scan 16
AcqTime 3
e 1
Pulsel 6.
Temperature 29,
Solvent CUCls
Reference 0.
Broad. Factor 0.
RGain

29
Frinted  2012/Dec/26 09:
Operator

96 Niz
0 kHz
0047 Hz

45 Hz

3.4983 s
.502 s

6 us
e C

G ppa
1373 Hz

50:24

OH

\

y]

1.961

1.0811
1.2607

0. 0000-

PSP P S S IS S TS P P PSP RS S PSP e
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Date Dec 25 12

Coument
€13 Statdard Observe
Stick=none Tune=6.4 Match=0. 4

ObsNuc 15¢

Doshre 75,48 i

DbsFreq .43 Nz

ObsSet -1.0 kHz AN OH
ObsFine 996. 3672 Hz

Point 32768 |

Frequecy (Span) 18761. 73 Hz >

Scan 2048

AcqTime 1.4992 s N

PD 1.501 s

Pulsel 6.0 48

Teaperature 29.0 “("J 6
Solvent COCls

Reference 77.6 ppa

Broad. Factor 0. 2863 Hz

RGain 30

Printed  2012/Dec/26 10:01:22

Operator

163.8874—
148.8772——
1368.0410——
122. 2387
121.5262—
o
\—
g 3
~
_/'

4251

0000

8740

0006
§1.7817
34.3800 —
31.0270 —
25.7800 —_
24.6131 —
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Date Dec 18 12
Comment
STANDARD 1H OBSERVE

ObsNue Rl

Ex¥ode NON

ObsFreq 299. 96 Milz

ObsSet -1.0 kHz

ObsFine 995, 0047 Hz X

Point 16384 |

Frequecy{Span) 4500, 45 Hz

Sean 16 =,

AcqTime 3.4983 s N .
1.502 s

Pulsel 6.0 us

Temperature 29.0 C

Solvent CIXCy HO

Reference 0.0 ppm

Broad. Factor 0.1373 Hz

RGain 30 7

Printed  2012/Dec/26 09:59:51

Operator

4.0119

2.3034
22008

0
0542
1.0024

6713
1.1212

—
k\:

T T T T T T T T T T T T T T T T T T T T T T

1

8
L @» )
S 288335 IS
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Date Dec 19 12

Comment
C13 Statdard Observe
Stick=none Tune=6.{ Match=0.4

ObsNuc e

Ex¥ode NON
ObsFreq 75.43 Mz
ObsSet -1.0 kHz
ObsFine 996, 3672 Hz
Point 32768
Frequecy{Span) 18761. 73 Hz
Scan 256

AcqTime 1.4992 s
PD 1.501 s
Pulsel 6.0 us
Temperature 29.0 T
Solvent CIX11
Reference 77.0 ppn
Broad. Factor 0. 2863 Hz

RGain 30
Printed  2012/Dec/26 09:51:54
Operator

S TP I U I S TR W V0L TS DIPRTRY JTNN|

180

160

. 1628——

1

soaboowon kit la g bwinaec bbbl bl dogon venm Dbl end 2 thads v b ,,,m‘u PHYRTCONT I ORY T r‘l,lJJAl'u P P e R A I S R

140

48
140.

132. 2206——

20

100
5/ ppm

N
582

S

|

60

84.4516 —

42.67107 —

20.6141 —S

8171560 —

20

L
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